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Abstract
Background: Pneumonia is a leading cause of death among children under five years of age. The
Integrated Management of Childhood Illness strategy can improve the quality of care for pneumonia
and other common illnesses in developing countries, but adherence to these guidelines could be
improved. We evaluated an intervention in Benin to support health worker adherence to the
guidelines after training, focusing on pneumonia case management.

Methods: We conducted a randomized trial. After a health facility survey in 1999 to assess health
care quality before Integrated Management of Childhood Illness training, health workers received
training plus either study supports (job aids, non-financial incentives and supervision of workers and
supervisors) or "usual" supports. Follow-up surveys were conducted in 2001, 2002 and 2004.
Outcomes were indicators of health care quality for Integrated Management-defined pneumonia.
Further analyses included a graphical pathway analysis and multivariable logistic regression
modelling to identify factors influencing case-management quality.

Results: We observed 301 consultations of children with non-severe pneumonia that were
performed by 128 health workers in 88 public and private health facilities. Although outcomes
improved in both intervention and control groups, we found no statistically significant difference
between groups. However, training proceeded slowly, and low-quality care from untrained health
workers diluted intervention effects. Per-protocol analyses suggested that health workers with
training plus study supports performed better than those with training plus usual supports (20.4
and 19.2 percentage-point improvements for recommended treatment [p = 0.08] and
"recommended or adequate" treatment [p = 0.01], respectively). Both groups tended to perform
better than untrained health workers. Analyses of treatment errors revealed that incomplete
assessment and difficulties processing clinical findings led to missed pneumonia diagnoses, and
missed diagnoses led to inadequate treatment. Increased supervision frequency was associated with
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better care (odds ratio for recommended treatment = 2.1 [95% confidence interval: 1.13.9] per
additional supervisory visit).

Conclusion: Integrated Management of Childhood Illness training was useful, but insufficient, to
achieve high-quality pneumonia case management. Our study supports led to additional
improvements, although large gaps in performance still remained. A simple graphical pathway
analysis can identify specific, common errors that health workers make in the case-management
process; this information could be used to target quality improvement activities, such as supervision
(ClinicalTrials.gov number NCT00510679).

Background
Pneumonia is a leading cause of child deaths in develop-
ing countries [1,2]. While vaccination against agents such
as Streptococcus pneumoniae and Hemophilus influenzae
could prevent many pneumonia cases, adequate manage-
ment of cases that do occur is essential to reduce pneumo-
nia mortality. Evidence suggests that children with
pneumonia often do not receive potentially life-saving
antibiotics [3].

To improve the management of pneumonia and other
common causes of child mortality, the World Health
Organization (WHO) and other partners developed the
Integrated Management of Childhood Illness (IMCI)
strategy. A key component of IMCI is a set of evidence-
based guidelines for classifying (diagnosing) and treating
illnesses in first-level health facilities that lack sophisti-
cated diagnostic equipment and treatments [4].

WHO recommends implementing the guidelines through
an 11-day, in-service training course, a follow-up visit to
health workers' facilities four to six weeks later to reinforce
new practices, and job aids (e.g. a flipchart of clinical algo-
rithms and a one-page form for recording a patient's
assessments, disease classifications and treatments). For
brevity, we use "IMCI training" to describe this implemen-
tation process.

More than 110 countries are implementing IMCI (per-
sonal communication, T. Lambrechts, WHO, May 21,
2007) and studies have demonstrated that the strategy can
improve health care quality at health facilities [5-8] and
seems to reduce mortality [9]. However, despite the favo-
rable results, these same studies show that health workers'
adherence to IMCI guidelines could still be improved,
with some investigators calling attention to the need for
ongoing support for health workers after IMCI training
[10].

In the late 1990s, as Benin planned to introduce IMCI,
concerns were raised about WHO's implementation
approach. There were worries that the training would not
lead to long-term changes in health worker practices and
that printing an IMCI recording form for each patient

would be unaffordable. To address these concerns, we
designed a novel package of supports for health workers
after IMCI training (see Interventions, below) and con-
ducted a trial to measure the cost and effectiveness [11].

Because IMCI in Benin was initially implemented in the
context of a disease-control project (the US Africa Inte-
grated Malaria Initiative), which might have emphasized
malaria over other conditions, and because the complex-
ity of disease-specific portions of IMCI guidelines seemed
different (e.g. management of respiratory infections
seemed more complex than management of fever), we
performed a series of analyses to determine whether the
effectiveness of our post-training supports (and of IMCI
training) varied for different diseases. Pneumonia was
especially critical to study because a baseline survey in the
study setting showed that care for respiratory illnesses was
extremely pooronly 5.0% (7/141) of pneumonia cases
were correctly classified, and no child had a complete
assessment of respiratory symptoms [12].

Our objectives in this study were to: (1) evaluate the effec-
tiveness of IMCI training and post-training supports on
the quality of pneumonia case management; (2) examine
specific causes of common errors in the case-management
process with a simple graphical pathway analysis; and (3)
identify the factors that influence case-management qual-
ity with statistical modelling.

Methods
Population and study design
The study area, Ouémé and Plateau Departments (esti-
mated 2005 population 1.2 million [13]), Benin, typifies
West Africa: widespread poverty, weak infrastructure, low
levels of education, endemic malaria and high child mor-
tality [14,15]. The trial was initially designed as a before-
and-after study with a randomly selected control group
(see reference [11], Figure 1, for timeline). The study area
was divided into two areas (i.e. two units of randomiza-
tion), each comprising eight communes (see reference
[11], Figure A, for map); then one area was randomly cho-
sen as the intervention area to receive IMCI training plus
study supports and the other to receive IMCI training plus
"usual supports". Further details on the study design,
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Definitions of pneumonia classification and treatment categoriesFigure 1
Definitions of pneumonia classification and treatment categories.
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Recommended treatment  
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 For severe pneumonia: either admission to the health facility, or referral to a health facility with 
an inpatient service plus a pre-referral dose of ampicillin with IMCI-recommended dosing. 

Adequate treatment  

8����!���������)�������9����!!��	�	;������������������)�����
�����
	���	�������
�������	�
�������	��	��
�
�����.�������2$<��$'34�=����.�!��+�

8����!����)
���(1�(,����!!��	�	����
�
��
��������)�����
���������	���	����	���	�
����)���
��������!!��	�	����(1�(���
	�
�����������
����������
����	�������.
����4�4��!�.
�

��
	���	��)
���	�
��4�

8����!����)
������
�
��
�����������!!��	�	����(1�(������������	�������
������	�)��	�
�������������	�		
�����
��������	��������
������
��������4�4��������!��
�����	������)����
�	�>������	���	4�

?04�(1�(���
	�
������������!!��	�����
!�.�/�����!�.��

�����	�
�@��������!�
�

������
������
��������������
	����)
�������!��
��!
�����������	���4�4�����
�����
������������������
����
��	
������%������!������������
������������!��
��)�����������	������	�������)����������
����)��)������������������!����)���������
��	���������!��
�4 



Human Resources for Health 2009, 7:77 http://www.human-resources-health.com/content/7/1/77
interventions, and data collection are described elsewhere
[11,12].

Due to unexpectedly slow implementation of IMCI train-
ing, many consultations were provided by non-IMCI-
trained health workers. Therefore, in addition to the
intention-to-treat analysis, we formulated an alternative
per-protocol analysis to present as the focus of this paper.
The per-protocol analysis compared consultations per-
formed by IMCI-trained health workers with study sup-
ports (health workers who were trained and therefore
received the intended intervention), IMCI-trained health
workers with usual supports (health workers in the con-
trol area who were trained) and health workers who did
not receive IMCI training due to the above-mentioned
logistical delays.

We conducted four health facility surveys: a baseline (pre-
IMCI) survey in 1999 and three follow-up surveys after
IMCI implementation began (2001, 2002 and 2004).
Inclusion criteria were: public and licensed private health
facilities with an outpatient department in the study area,
and a level of care appropriate for IMCI (i.e. one referral
hospital and one subspecialty hospital were excluded).
We used cluster sample surveys in which the unit of obser-
vation was an ill-child consultation; the primary sampling
unit was the health facility-day (i.e. all ill children seen at
a health facility during regular working hours on one
weekday). Because the 2002 health facility survey was
conducted only in communes where IMCI training
courses had taken place, the sampling frame of this survey
differed from that of the other surveys and these observa-
tions were excluded from the intention-to-treat analyses.

Interventions
IMCI was implemented by means of WHO's approach
(see Background). Although we intended to train eligible

health workers in one year, due to funding and logistical
problems it took four years to complete all the planned
11-day training courses (five courses were taught in 2001,
two in 2002, three in 2003 and one in 2004). In 2001,
only 30% of pneumonia cases were seen by IMCI-trained
providers, and by 2004 the proportion had climbed to
80% (Table 1).

IMCI-trained health workers in the intervention area
received a package of study supports: IMCI-specific super-
vision (we intended two contacts every three months),
supervision workshops, supervision of supervisors, job
aids (patient registers that replaced IMCI recording forms,
and counseling guides [11]), and non-financial incentives
(certificate of merit presented at a ceremony annually). All
components were implemented together. Notably, how-
ever, only 29% (339/1186) of planned supervision visits
actually occurred [16]. IMCI-trained health workers in the
control area received "usual" supports: job aids (packets
of IMCI recording forms) and some IMCI-specific supervi-
sion. Additionally, all health workers potentially bene-
fited from five additional vehicles for supervision
provided by a donor in 2002; decentralization of the
health system that occurred throughout Benin (commune
supervisors given some control over budgets); and results
of our surveys, which were shared at least annually.

Data collection
The study protocol was approved by the Ethics Committee
of the Benin Ministry of Public Health and CDC's Human
Subjects Review Board, and was registered with Clinical-
Trials.gov (Identifier: NCT00510679). The 1999 survey
was considered program evaluation and written consent
was not required; verbal consent was requested from all
participants (health workers and children's caretakers).
Surveys from 20012004 were considered research, and

Table 1: Enrollment of study participants by year of survey

Survey year Consultations observed No. of children with clinical pneu-
monia in analysisa

Children in analysis seen by a health worker 
who received Integrated Management of 

Childhood Illness training
n/N (%)

1999 (baseline) 583 114 0/114 (0)

2001 (follow-up 1) 393 82 25/82 (30.5)

2002 (follow-up 2) 231 51 21/51 (41.2)

2004 (follow-up 3) 370 54 43/54 (79.6)

Total 1577 301

aChildren seen for an initial consultation with a "gold standard" Integrated Management of Childhood Illness classification of pneumonia whose 
treatment was not undefined.
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written informed consent was requested from all partici-
pants.

After obtaining consent from health workers and child
caretakers (usually the mother), we collected data with
five standardized methods: (1) silent observation of con-
sultations with a checklist; (2) caretaker interviews to
ascertain prescribed medications and understanding of
treatment instructions; (3) child re-examination by a
study clinician to determine "gold standard" IMCI classi-
fications; (4) health facility assessment to evaluate sup-
plies and other attributes; and (5) health worker
interviews to obtain information on demographics, train-
ing, supervision and other characteristics.

Definitions
The definition of clinical pneumonia (Figure 1) was based
on Benin's adaptation [17] of WHO's generic IMCI guide-
lines [4]. Treatments were categorized as: (1) recom-
mended (treatment exactly matched IMCI guidelines
(Figure 1)); (2) adequate (treatment not recommended,
but still considered effective based on standard clinical
textbooks) [18,19]; (3) inadequate (neither recom-
mended nor adequate); or (4) undefined (children with
uncomplicated pneumonia who needed urgent referral
for another problem, as IMCI recommends that treatment
of non-severe illnesses such as uncomplicated pneumonia
should not delay urgent referral for severe illnesses). Con-
ceptually, recommended, adequate and inadequate treat-
ment correspond to "no error," "minor error" and "major
error," respectively [20]. Outcome indicators are defined
in Figure 2. Outcome indicators for a sensitivity analysis
were created that accounted for incomplete documenta-
tion of health worker prescriptions (Figure 2, indicator 4).

Analysis
Data were double-entered and verified using EpiInfo soft-
ware [21]. Analyses were restricted to ill children 259
months old seen for an initial consultation with a "gold
standard" IMCI classification of pneumonia (uncompli-
cated or severe) and a treatment that was not undefined
(see Definitions). Analyses were performed with SAS ver-
sion 9.1 software [22]. Hypothesis testing and confidence
interval (CI) estimation were done with an alpha level of
0.05.

For each outcome, a logistic regression model was con-
structed that contained indicator variables for time (early
or late follow-up period versus baseline), study area
(IMCI intervention or control), and area-time interac-
tions. The interactions, which compared time trends
between intervention and control areas, were the main
effects. Models were constructed with the SAS GENMOD
procedure, which uses generalized estimating equations,

with an exchangeable working correlation matrix to
account for correlation in the data.

Given that IMCI training happened slowly and that qual-
ity measures in both study areas were likely diluted by
consultations provided by non-IMCI trained health work-
ers, we felt that the results of the intention-to-treat analy-
sis did not capture the full results of the trial. To further
evaluate the effectiveness of IMCI training and the post-
training supports (Objective 1), three health worker
groups were compared: IMCI-trained residing in the inter-
vention areas where study supports were provided; IMCI-
trained residing in control areas where usual supports
were provided; and non-IMCI-trained residing in either
study area.

The number of pneumonia cases in each of the follow-up
surveys was relatively small, therefore all three follow-up
surveys were combined. Models were constructed similar
to those used in the intention-to-treat analysis, except the
indicator variable that coded for study group was replaced
by two indicator variables that coded for the three health
worker groups (IMCI with study supports, IMCI with
usual supports and no IMCI). The health worker group-
time interactions, which compared time trends between
health worker groups, were the main effects.

We evaluated 17 factors (e.g. caseload, demographic fac-
tors and clinical features) as potential confounders of the
health worker group-outcome association by entering fac-
tors into models one at a time. Factors thought to be in the
causal pathway between the intervention and correct
treatment (e.g. correct diagnosis) were not considered.
Factors that changed model estimates by >20% without
causing model instability were considered confounders
and retained in the final model [23]. Effect sizes defined
as absolute percentage-point (%-point) "difference of dif-
ferences" (e.g. [follow-up  baseline]IMCI/studysupports  [fol-
low-up  baseline]IMCI/usualsupports) were estimated with
predicted probabilities from the logistic regression mod-
els at baseline and follow-up time points for each of the
health worker groups, with confounders held constant.

The above effect sizes require an estimate of baseline (pre-
IMCI) outcome values for each of the health worker
groups. These values were estimated by dividing the 16
communes in the 1999 survey into three parts: four IMCI
pilot communes in the intervention area (baseline for the
IMCI/study supports group), four IMCI pilot communes in
the control area (baseline for the IMCI/usual supports
group), and eight non-IMCI-pilot communes (baseline for
the no-IMCI group). For details, see Figure 1 and Figure A
of reference [11].
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To examine specific causes of common errors in the case-
management process (Objective 2), we used a simple
graphical pathway analysis. In quality improvement
methodologies, this is conceptually similar to a "root-
cause" analysis [24]. We began with the ideal case-man-
agement pathway. IMCI guidelines require health workers
to: (1) assess the child; (2) classify respiratory illnesses as
"no pneumonia: cough or cold", uncomplicated pneumo-

nia or severe pneumonia; and (3) treat the child (for
uncomplicated pneumonia cases, treat with antibiotics,
appropriately dosed and documented). For the 70 chil-
dren with uncomplicated pneumonia and defined treat-
ment quality, we constructed a flow diagram that
summarized the case-management pathways that actually
occurred and thus showed how health workers deviated
from ideal (complete assessment → correct diagnosis →

Definitions of the indicators of pneumonia case-management qualityFigure 2
Definitions of the indicators of pneumonia case-management quality.
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For uncomplicated pneumonia: caretaker left the health facility with a recommended or 
adequate antibiotic in hand and the knowledge to provide recommended or adequate pneumonia 
treatment at home (i.e. caretaker told a surveyor the recommended or adequate quantity per 
dose, doses per day and treatment duration for the antibiotic). If the caretaker did not know the 
treatment duration, we assumed the caretaker would give the medicine until it was finished. 

 For severe pneumonia: either the caretaker told a surveyor that she would hospitalize the child 
at the health facility, or the child received the recommended or adequate pre-referral dose of a 
recommended or adequate antibiotic and the caretaker told a surveyor that she would take the 
child to a hospital the same day. 
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correct treatment). To focus on the most serious errors (no
antibiotic or under-dosed antibiotic), recommended and
adequate treatment were combined.

To identify the factors that influenced case-management
quality (Objective 3), we studied the 70 children with
uncomplicated pneumonia seen by IMCI-trained health
workers whose treatment quality was defined. We
assessed three health facility factors, 26 health worker fac-
tors and 21 child/consultation factors for their association
with recommended treatment and "recommended or ade-
quate" treatment. A forward-stepwise modelling approach
was used to construct multivariate logistic regression
models [23,25]; correlation was accounted for with meth-
ods described above.

Results
Enrolment
Altogether 1577 ill-child consultations were observed in
the four health facility surveys (Table 1), including 1244
initial consultations. Initial consultations were observed
during 301 visits (each lasting one day) to 114 different
health facilities (some visited more than once) and per-
formed by 267 health workers (for details, see Table 2 of
reference [11]). Of 366 initial consultations in which the
child had clinical pneumonia, 301 were included in the

per-protocol analysis; 65 were excluded because treatment
was undefined (see Definitions). These 301 consultations
took place in 88 health facilities (68 small public facilities,
13 large public facilities or outpatient departments of dis-
trict hospitals, and seven private or religious health facili-
ties). Consultations were performed by 128 health
workers (22 nurse's aides, 97 nurses and nine physicians).
The 51 consultations from the 2002 health facility survey
were excluded from the intention-to-treat analysis
because of the previously mentioned differences in sam-
pling strategy. Further details on enrolment and study
group characteristics are presented elsewhere [11].

Effect of study supports and IMCI training
In an analysis based on the original randomized-control-
led study design (i.e. intention-to-treat analysis), treat-
ment quality improved over time for both primary
outcomes, although differences in improvements
between the study supports area and usual supports area
were not statistically significant (Figures 3 and 4). How-
ever, as previously mentioned, IMCI training proceeded
slowly; and low-quality care from non-IMCI-trained
health workers diluted intervention effects (see Table 1).

Results of the per-protocol analysis are presented in Addi-
tional file 1. Effect sizes and p-values in columns 89 com-

Table 2: Predictors of pneumoniaa treatment practices of health workers trained in IMCI

Recommended or adequate treatment

Characteristic No. of consultations or mean value OR (95% CI) n (%) OR (95% CI)

Final multivariate models

Health worker received
Study supports N = 28 3.0 (1.0, 8.6) 15 (53.6) 1.5 (0.6, 3.7)
Usual supports N = 42 ref. 19 (45.2) ref.

No. supervisory visits, past 6 months (ranging from 
04)

mean = 0.9 2.1 (1.1, 3.9) -- 1.6 (1.1, 2.3)

Consultation duration, in minutes 
(ranging from 5 to 131)

median = 16 1.04 (1.00, 1.08) -- --b

No. of IMCI classifications
(ranging from 1 to 4)

mean = 2.8 --b -- 2.0 (1.2, 3.3)

Causal pathway variable omitted
from multivariate modelling

Health worker correctly diagnosed pneumonia
Yes N = 49 49.8 (5.6, 442.1) 28 (68.3) 14.2 (4.0, 50.3)
No N = 21 ref. 6 (20.7) ref.

a Seventy children seen for an initial consultation with a "gold standard" IMCI classification of uncomplicated pneumonia whose treatment was not 
undefined (see Methods).
b Variable not retained in the multivariate model.
CI = confidence interval, OR = odds ratio, ref. = reference level
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pare case-management quality of the IMCI/study support
group versus the IMCI/usual support groupi.e. the effect
of study supports. Effects and p-values in columns 1011
compare quality of the IMCI/usual support group versus
the no-IMCI groupi.e. the effect of IMCI training. The five
indicators in Additional file 1 represent different aspects
of the case-management process: assessment of the
patient, diagnosis, treatment and counselling. Our main
outcomes of interest were indicators 3 (recommended
treatment prescribed) and 4 (recommended or adequate
treatment prescribed). Study groups were similar on most
characteristics (e.g. health facility type, medicine availa-
bility, health worker pre-service training, child's age and
illness severity); and based on our analysis to identify con-

founding, the few differences that were seen were unlikely
to bias effect sizes (data not shown).

For recommended treatment, improvements in the IMCI/
study supports group were 20.4%-points greater than the
IMCI/usual supports group, although this result was of
borderline statistical significance (p = 0.08) (Additional
file 1, row 3, columns 89). That is, the results of the per-
protocol analysis suggest that the study supports were
associated with greater improvements in treatment qual-
ity. A comparison of the IMCI/usual supports group with
the no-IMCI group showed no significant effect of IMCI
training (effect = 18.1%-points, p = 0.90). When the fol-
low-up period was divided into early follow-up
(20012002 surveys combined) and late follow-up (2004
survey), no statistically significant effect was found for
either study supports or IMCI training (Figure 5). Though
the figure appears to show a secular trend toward better
care among untrained health workers, this trend was not
statistically significant.

For "recommended or adequate" treatment (Additional
file 1, row 4), improvements in the IMCI/study supports
group were 19.2%-points greater than the IMCI/usual
supports group (p = 0.01). That is, the study supports were
associated with improved treatment quality. No signifi-
cant effect was found for IMCI training (effect = 16.7%-
points, p = 0.79). Results were significant or borderline
significant when the follow-up period was divided into
early and late follow-up (Figure 6).

Treatment quality by IMCI-trained health workers
In follow-up surveys, among 89 children with pneumonia
and defined treatment quality seen by IMCI-trained

Intention-to-treat analysis of the effect of post-training sup-ports on recommended treatmentFigure 3
Intention-to-treat analysis of the effect of post-train-
ing supports on recommended treatment.
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Intention-to-treat analysis of the effect of post-training sup-ports on adequate or recommended treatmentFigure 4
Intention-to-treat analysis of the effect of post-train-
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Per-protocol analysis: effect of IMCI training plus study sup-ports and IMCI training plus usual supports on recommended treatment predicted probabilities from adjusted modelaFigure 5
Per-protocol analysis: effect of IMCI training plus 
study supports and IMCI training plus usual supports 
on recommended treatment predicted probabilities 
from adjusted modela.
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health workers, 43.8% received recommended treatment
(63.2% [12/19] for severe pneumonia; 38.6% [27/70] for
uncomplicated pneumonia); 9.0% received adequate but
not recommended treatment (5.3% [1/19] severe; 10.0%
[7/70] uncomplicated); and 47.2% received inadequate
treatment (31.6% [6/19] severe; 51.7% [36/70] uncom-
plicated). The next two sections present in-depth analyses
that explore reasons for correct treatment and errors in the
management of the 70 children with uncomplicated
pneumonia and defined treatment quality.

Graphical pathway analysis for IMCI-trained health 
workers
This analysis (Figure 7) revealed four primary findings.
First, incorrect diagnosis was a key problem, as it preceded
two thirds (23/36) of all treatment errors; nearly all (19/
20) children who received no antibiotics were incorrectly
diagnosed. Once correctly diagnosed, failure to prescribe

an antibiotic was unusual. Second, incomplete documen-
tation was a problem, accounting for one third (13/36) of
all errors. As incomplete documentation could leave phar-
macists and caretakers less sure of how to give a medica-
tion, inadequate treatment might result. Third, although
numbers are small, it is notable that half (5/10) of the
children with incomplete assessment and incorrect diag-
nosis still received recommended or adequate treatment,
usually without an identifiable indication. Finally, under-
dosing of antibiotics was rare, accounting for only 8% (3/
36) of all errors.

Predictors of correct pneumonia treatment among IMCI-
trained health workers
The 70 children with uncomplicated pneumonia and
defined treatment quality were seen by 44 IMCI-trained
health workers (19 health workers with study supports, 24
with usual supports and one who spent time in areas with
and without study supports). To screen hypotheses in an
exploratory analysis of which factors influence correct
treatment for pneumonia, we used logistic regression
modelling to examine 44 factors for their association with
treatment quality.

Unfortunately, several factors of particular interest could
not be studied because of a lack of variability: pre-service
training (nearly all health workers were nurses), health
facility type (there were comparatively few private health
facilities), job aids (most health workers used them) and
health worker knowledge (mean score of a knowledge
assessment based on case scenarios was 97%). By exclu-
sion, these factors were unlikely to confound the associa-
tions reported below.

For recommended treatment (Table 2, columns 34), the
multivariate model revealed that children seen by health
workers who received study supports had threefold greater
odds of receiving recommended treatment (p = 0.047);
each supervisory visit doubled the odds (p = 0.025) and
each extra minute of consultation duration increased the
odds by 4.2% (p = 0.028). Correct diagnosis, which was
excluded from the multivariate analysis because it was
considered a causal pathway variable, was strongly associ-
ated with recommended treatment (Table 2, last row).

For recommended or adequate treatment (Table 2, col-
umns 56), the multivariate model revealed that the only
statistically significant associations were with increasing
number of supervisory visits and increasing number of
IMCI classifications. These associations were not present
in the sensitivity analysis that accounted for incomplete
documentation of prescriptions. As with recommended
treatment, correct diagnosis was strongly associated with
recommended or adequate treatment. Study supports
were not associated with the outcome.

Per-protocol analysis: effect of IMCI training plus study sup-ports and IMCI training plus usual supports on "recom-mended or adequate" treatment, predicted probabilities from adjusted modelbFigure 6
Per-protocol analysis: effect of IMCI training plus 
study supports and IMCI training plus usual supports 
on "recommended or adequate" treatment, pre-
dicted probabilities from adjusted modelb. IMCI = Inte-
grated Management of Childhood Illness. aModel adjusted for 
correlation (no confounders). P-values comparing the IMCI/
study supports group with the IMCI/usual supports group 
were 0.15 (early follow-up versus baseline) and 0.10 (late fol-
low-up versus baseline). P-values comparing the IMCI/usual 
supports group with the no-IMCI group were 0.73 (early fol-
low-up versus baseline) and 0.29 (late follow-up versus base-
line). bModel adjusted for correlation, availability of inpatient 
service, and severe pneumonia (the two confounders were 
held constant with the values no inpatient service and non-
severe pneumonia). P-values comparing the IMCI/study sup-
ports group with the IMCI/usual supports group were 0.01 
(early follow-up versus baseline) and 0.08 (late follow-up ver-
sus baseline). P-values comparing the IMCI/usual supports 
group with the no-IMCI group were 0.96 (early follow-up 
versus baseline) and 0.87 (late follow-up versus baseline).
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Among the many factors not statistically significantly
associated with treatment quality, several were of particu-
lar interest: drug availability, IMCI-trained colleague in
the health facility, time since IMCI training, years of expe-
rience, primary language of caretaker and health worker
being different, child's respiratory rate and chief com-
plaint of cough or difficult breathing.

Discussion
The quality of pneumonia case management in Benin
before IMCI was extremely poor; over the four-year study,
quality improved. The comparison of the IMCI/usual sup-
ports group with the no-IMCI group showed that IMCI
training was associated with better assessment and pneu-
monia classification, but not with better treatment (the
IMCI/usual supports group gave correct treatment more

often, but the result was not statistically significant). We
also demonstrated a statistically significant 19.2%-point
effect of the study supports for adequate or recommended
treatment, and a similar but borderline-significant (p =
0.08) trend for recommended treatment. These results
suggest that to improve treatment quality, a one-time
training input has less impact than training coupled with
continued support, as in our study.

We found diverse results for improvements in case-man-
agement quality for different important conditions in
Benin. Improvements were seen with IMCI training for all
outcomes studied (pneumonia treatment, malaria treat-
ment, anaemia treatment and a summary of case manage-
ment for all conditions) [11]. However, improvements for
pneumonia treatment were lower than for the other out-

Pathway analysis in 70 cases of non-severe pneumonia treated by IMCI-trained health workersFigure 7
Pathway analysis in 70 cases of non-severe pneumonia treated by IMCI-trained health workers. aComplete 
assessment means health worker ascertained that the child had cough or difficult breathing (i.e. health worker asked for the 
symptom or the caretaker spontaneously offered it) and counted the child's respiratory rate.
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comes, specifically for malaria treatment (unpublished
data). This raises the possibility that the context of IMCI
implementation in our study (i.e. a malaria control
project) might have affected the quality for non-malaria
illnessesfor example, by inadvertently de-emphasizing
pneumonia case management. Perhaps even more likely,
IMCI's pneumonia sub-algorithm was more difficult than
other parts of IMCI guidelines. Given this complexity, we
thought it important to explore pneumonia treatment
errors in-depth.

Case-management quality among IMCI-trained health 
workers
The in-depth examination of errors by IMCI-trained
health workers via graphical pathway analysis allowed us
to pinpoint problems in how health workers applied the
guidelines, and thus gives a view into the decision-making
process we have not previously seen in the published lit-
erature. In 40% of the 70 non-severe pneumonia cases, all
aspects of care (assessment, classification, and treatment)
were adequate. In the remaining 60% of cases with prob-
lems, we found that errors were not uniformly distributed
throughout the algorithm, but were grouped in several
specific points; identifying these error points led to spe-
cific recommendations for improvement.

For example, not surprisingly, missing the pneumonia
diagnosis preceded virtually all major errors (no antibi-
otic prescribed). Of the 29 missed diagnoses, one third
could be attributed to incomplete assessment (which
always led to a missed diagnosis), and two thirds could be
attributed to health workers' misinterpreting clinical signs
and symptoms or incorrectly processing clinical data into
a diagnosis. Another example was that incomplete docu-
mentation, which could confuse pharmacists and caretak-
ers, was relatively common. The analysis also revealed
that some potentially important problems, such as under-
dosing antibiotics, were rare. These results could direct
supervision and other efforts to focus on complete assess-
ments, correctly processing clinical data into diagnoses
and full documentation of prescribed medicines.

Multivariate modelling showed that study supports,
supervision visits, longer consultation duration and a
greater number of IMCI classifications were associated
with at least one measure of treatment quality, although
only supervision was associated with both outcomes.

Supervision, a key component of our intervention, was
associated with health care quality in a dose-response
relationship. This finding agrees with other studies [25]
and supports its continued use in our setting. Our base-
line survey, however, found that supervision was not asso-
ciated with improved pneumonia treatment [12]. While
the quality of that earlier supervision was unknown, the

present analysis is among health workers who received at
least some supervision from staff trained by our team spe-
cifically to provide supportive supervision. Thus, our
results illustrate that high-quality supervision is associ-
ated with better care.

Longer consultation duration was associated with better
adherence to IMCI guidelines, but the direction of causal-
ity is unclear. Better-performing health workers could be
taking more time with patients. Alternatively, given ample
time to spend with patients, health workers might per-
form better. Though not significant in multivariate mod-
elling, univariate results showed that lower caseloads were
associated with better health care quality, possibly sup-
porting the latter explanation. A recent time-motion study
of IMCI-trained physicians in Brazil found that caseload
was inversely associated with consultation time, with the
association being strongest at caseloads over 50 per day,
and that quality of care was highest in the areas where
health workers spent, on average, more time with each
patient [26]. Regardless of the direction of causality, it is
clear that high-quality care requires sufficient time for
each patient.

Our multivariate analyses revealed that an increasing
number of IMCI classifications (diagnoses) were associ-
ated with better pneumonia treatment quality. This find-
ing differs somewhat from other analyses in this cohort
(unpublished data). Taking all consultations togethernot
just pneumonia caseswe found that children with more
IMCI classifications and more-complex cases generally
received poorer quality care, in a linear fashion.

One explanation for the different finding among the sub-
group with pneumonia might be that antibiotics for pneu-
monia have many uses and might be more often overused
than other IMCI medications (e.g. antimalarials, oral
rehydration solution, iron and vitamin A). Figure 7 shows
that even in consultations where children were not diag-
nosed with pneumonia, some health workers gave antibi-
otics. Therefore the association between more
classifications and better treatment might reflect "the right
treatment for the wrong reason" rather than the greater
number of classifications somehow directly causing
health workers to adhere to guidelines more carefully.

Finally, knowledge of pneumonia case management was
very high among IMCI-trained health workers, despite
fairly poor care being delivered. This finding is a striking
example of the knowledge-practice gap that has been
observed in other settings [27] and might help explain
why IMCI training alone was not associated with better
treatment.
Page 11 of 13
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Limitations and methodological challenges
First, the sample of pneumonia cases was relatively small,
and the intervention was not fully implemented for all
health workers. Second, with health workers being trained
over several years, our cross-sectional surveys did not
allow us to evaluate a single cohort of health workers over
time. However, a re-analysis of these data by time since
training still provided fairly robust evidence that perform-
ance did not deteriorate up to three years after training.

Third, the study was initially planned as a group-rand-
omized trial, and due to implementation problems, the
data presented are from per-protocol analyses that strati-
fied subjects by intervention exposurean analytic
approach recommended by some experts [28]. Fourth,
pneumonia was not the main focus of the project, nor of
data collection; therefore the importance of pneumonia
within IMCI courses might have been inadvertently de-
emphasized; with the small number of pneumonia cases,
power to detect associations may not have been present,
and some case characteristics useful for studying pneumo-
nia case management might not have been collected.

Fifth, our use of group randomization with only two
groups was unlikely to have prevented bias from
unknown factors and did not result in groups with equal
baseline quality of care. Moreover, the robustness of the
statistical results might have been affected. Sixth, the
observation of consultations could have influenced
health worker practices, perhaps overestimating quality
somewhat [29], although this influence would likely have
affected all study groups similarly and thus would proba-
bly not have biased effect sizes much.

Finally, incomplete documentation of prescriptions was a
considerable problem. A sensitivity analysis, which
assumed adequate treatment quality for missing informa-
tion, showed some differences from the main analysis (a
larger effect of study supports of borderline statistical sig-
nificance, and a negative effect of IMCI training of border-
line statistical significance [results not shown]). This issue
raises an important question for researchers studying
quality of careespecially for those doing direct observa-
tion studies. Should we ask health workers about missing
prescription information and potentially introduce bias
toward better quality, or should we remain silent observ-
ers and potentially accept uncertainty in our measures of
quality?

Conclusion
Our results add to a growing body of literature indicating
that carefully designed interventions can improve health
worker performance in low-resource settings, but that
considerable attention must be paid to supporting health
workers beyond one-time investments in training. The

difficulties we encountered with training and supervision
underscore the challenges of scaling up even the most
basic components of a quality improvement intervention.

Though quality of care for the condition studied here
remained relatively low, with no group treating more than
56% of children correctly, care did improve over time, and
gains in quality were sustained. Considerable attention in
future research must be paid to attributes of interventions
that are scaleable and that lead to quality improvement
within the context of programmes in real-world settings.
Additionally, we have shown how a simple method
(graphical pathway analysis) can identify specific, com-
mon errors that health workers make in the case-manage-
ment process; this information could be used to target
quality improvement activities, such as supervision.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
FO, ML, MD and AR conceived of and planned the study
and interventions; FO, ML and AR conducted surveys and
collected data; DO and AR performed analyses and wrote
the initial draft of the manuscript; all authors worked on
interpreting the results and finalizing the manuscript.

Additional material

Acknowledgements
We are indebted to the many community members, health workers, super-
visors, surveyors, drivers and support staff who gave their time and energy 
to make this project possible. In particular, we thank Loukmane Agbo-Ola 
and Paul Kple-Faget for their support of our research activities, François 
Cokou for his assistance with data management and Samantha Rowe for 
her gracious technical support. We acknowledge the support of Africare, 
the Managing Partner responsible for the implementation of the Africa Inte-
grated Malaria Initiative in Benin with the Benin Ministry of Public Health.

This project was funded by the United States Agency for International 
Development's Africa Integrated Malaria Initiative (project number 936-
3100).

Additional file 1
Per-protocol analysis: effect of study supports and IMCI training on 
the quality of pneumonia management. Table presents results for effec-
tiveness of study supports and IMCI training on quality of care according 
to 5 different measures of quality of pneumonia case management. Effects 
are a percentage point improvement in the proportion of cases with correct 
management. MS Word table in landscape orientation.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1478-
4491-7-77-S1.doc]
Page 12 of 13
(page number not for citation purposes)

http://www.biomedcentral.com/content/supplementary/1478-4491-7-77-S1.doc


Human Resources for Health 2009, 7:77 http://www.human-resources-health.com/content/7/1/77
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

References
1. Bryce J, Boschi-Pinto C, Shibuya K, Black RE, the WHO Child Health

Epidemiology Reference Group: WHO estimates of the causes of
death in children.  Lancet 2005, 365:1147-1152.

2. Wardlaw T, Salama P, Johansson EW, Mason E: Pneumonia: the
leading killer of children.  Lancet 2006, 368:1048-1050.

3. Jones G, Steketee RW, Black RE, Bhutta ZA, Morris SS, the Bellagio
Child Survival Study Group: How many child deaths can we pre-
vent this year?  Lancet 2003, 362:65-71.

4. Gove S, for the WHO Working Group on Guidelines for Integrated
Management of the Sick Child: Integrated management of child-
hood illness by outpatient health workers: technical basis
and overview.  Bull World Health Organ 1997, 75(Suppl 1):7-24.

5. Arifeen SE, Blum LS, Hoque DME, Chowdhury EK, Khan R, Black RE,
Victora CG, Bryce J: Integrated Management of Childhood Ill-
ness (IMCI) in Bangladesh: early findings from a cluster-ran-
domized study.  Lancet 2004, 364:1595-1602.

6. Gouws E, Bryce J, Habicht JP, Amaral J, Pariyo G, Schellenberg JA,
Fontaine O: Improving antimicrobial use among health work-
ers in first-level facilities: results from the multi-country
evaluation of the Integrated Management of Childhood Ill-
ness strategy.  Bull World Health Organ 2004, 82:509-515.

7. Tanzania IMCI Multi-Country Evaluation Health Facility Survey Study
Group: The effect of Integrated Management of Childhood
Illness on observed quality of care of under-fives in rural Tan-
zania.  Health Policy Plan 2004, 19:1-10.

8. Naimoli JF, Rowe AK, Lyaghfouri A, Larbi R, Lamrani LA: Effect of
the Integrated Management of Childhood Illness strategy on
health care quality in Morocco.  Int J Qual Health Care 2006,
18:134-144.

9. Armstrong Schellenberg JRM, Adam T, Mshinda H, Masanja H, Kabadi
G, Mukasa O, John T, Charles S, Nathan R, Wilczynska K, Mgalula L,
Mbuya C, Mswia R, Manzi F, DeSavigny D, Schellenberg D, Victora C:
Effectiveness and cost of facility-based Integrated Manage-
ment of Childhood Illness (IMCI) in Tanzania.  Lancet 2004,
364:1583-1594.

10. Pariyo GW, Gouws E, Bryce J, Burnham G, the Uganda Impact Study
Team: Improving facility-based care for sick children in
Uganda: training is not enough.  Health Policy Plan 2005,
20(Suppl 1):i58-i68.

11. Rowe AK, Onikpo F, Lama M, Osterholt DM, Rowe SY, Deming MS:
A multifaceted intervention to improve health worker
adherence to Integrated Management of Childhood Illness
guidelines in Benin.  Am J Public Health 2009, 99(5):837-846.

12. Rowe AK, Onikpo F, Lama M, Cokou F, Deming MS: Management
of childhood illness at health facilities in Benin: problems and
their causes.  Am J Public Health 2001, 91:1625-1635.

13. République du Bénin, Ministère de la Santé. Annuaire des statistiques sani-
taires. Cotonou 2005.

14. Institut National de la Statistique et de l'Analyse Économique (INSAE)
et ORC Macro: Enquête Démographique et de Santé au Bénin 2001 Cal-
verton, Maryland, USA: Institut National de la Statistique et de l'Ana-
lyse Économique et ORC Macro; 2002. 

15. United Nations Development Programme: Human Development
Report 2006. Beyond Scarcity: Power, Poverty and the Global Water Crisis
New York: Palgrave Macmillan; 2006. 

16. Rowe AK, Onikpo F, Lama M, Deming MS: The rise and fall of
supervision in a project designed to strengthen supervision
of Integrated Management of Childhood Illness in Benin.
Health Policy Plan 2009 in press.

17. République du Bénin, Ministère de la Santé Publique, Direction de la Santé
Familiale: Prise en charge integrée des maladies de l'enfant (PCIME). Livret
des Tableaux. Cotonou 2002.

18. Robertson J, Shilkofski N: The Harriet Lane Handbook: A Manual for
Pediatric House Officers 17th edition. Philadelphia: Mosby; 2005. 

19. Gilbert DN, Moellering RC Jr, Eliopoulos GM, Sande MA: The Sanford
Guide to Antimicrobial Therapy 34th edition. Hyde Park, Vermont: Anti-
microbial Therapy, Inc; 2004. 

20. Rowe AK, Onikpo F, Lama M, Deming MS: Risk and protective fac-
tors for two types of error in the treatment of children with
fever at outpatient health facilities in Benin.  Int J Epidemiol
2003, 32:296-303.

21. Dean AG, Dean JA, Coulombier D, Burton AH, Brendel KA, Smith
DC, Dicker RC, Sullivan KM, Fagan RF: Epi Info, Version 6: A Word
Processing, Database, and Statistics Program for Public Health on IBM-

Compatible Microcomputers Atlanta, Georgia: Centers for Disease
Control and Prevention; 1995. 

22. SAS Institute Inc: SAS/STAT_ User's Guide, Version 9.1 Cary, North
Carolina: SAS Institute Inc; 2003. 

23. Kleinbaum DG, Kupper LL, Muller KE: Applied Regression Analysis and
Other Multivariable Methods Belmont, California: Duxbury Press; 1988. 

24. Langley GJ, Nolan KM, Norman CL, Provost LP, Nolan TM: The
Improvement Guide: A Practical Approach to Enhancing Organizational Per-
formance New York, New York: Jossey-Bass; 1996. 

25. Rowe AK, de Savigny D, Lanata CF, Victora CG: How can we
achieve and maintain high-quality performance of health
workers in low-resource settings?  Lancet 2005, 366:1026-1035.

26. Adam T, Amorim DG, Edwards SJ, Amaral J, Evans DB: Capacity
constraints to the adoption of new interventions: consulta-
tion time and the Integrated Management of Childhood Ill-
ness in Brazil.  Health Policy Plan 2005, 20(Suppl 1):i49-i57.

27. Paredes P, Pena M, Flores-Guerra E, Diaz J, Trostle J: Factors influ-
encing physicians' prescribing behavior in the treatment of
childhood diarrhoea: knowledge may not be the clue.  Soc Sci
Med 1996, 42:1141-1153.

28. Victora CG, Habicht JP, Bryce J: Evidence-based public health:
moving beyond randomized trials.  Am J Public Health 2004,
94:400-405.

29. Rowe AK, Lama M, Onikpo F, Deming MS: Health worker percep-
tions of how being observed influences their practices during
consultations with ill children.  Trop Doct 2002, 32:166-167.
Page 13 of 13
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15794969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15794969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16997649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16997649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12853204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12853204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9529714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9529714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9529714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15519629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15519629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15519629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15508195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15508195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15508195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14679280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14679280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14679280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16423842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16423842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16423842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15519628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15519628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15519628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16306071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16306071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19299681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19299681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19299681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11574325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11574325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11574325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12714553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12714553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12714553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16168785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16168785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16168785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16306069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16306069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16306069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8737432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8737432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8737432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14998803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14998803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12139161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12139161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12139161
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Population and study design
	Interventions
	Data collection
	Definitions
	Analysis

	Results
	Enrolment
	Effect of study supports and IMCI training
	Treatment quality by IMCI-trained health workers
	Graphical pathway analysis for IMCI-trained health workers
	Predictors of correct pneumonia treatment among IMCI- trained health workers

	Discussion
	Case-management quality among IMCI-trained health workers
	Limitations and methodological challenges

	Conclusion
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References

